The characterization of the material through laboratory tests performed on asphalt mixtures offers significant performance predictions for asphalt pavements only when the material temperature is correctly taken into consideration. This paper presents an analytical pattern which, based on the thermo-physical characteristics, can predict correctly the distribution of temperatures in the mass of asphalt mixtures.
INTRODUCTION
The paper presents a laboratory research on the temperature distribution in asphalt mixtures. It shows the time required by asphalt mixture samples to reach the correct temperature for the tests they are subjected to, so that there is no great difference in value between the superior and the inferior limit stipulated by the standard for the same asphalt mixture dosage. Thus, with the help of thermophysical characteristics, the complex development processes can be followed during subjecting the asphalt mixture samples to high temperatures and to low temperatures over the entire life span and the laboratory analysis time can be reduced.
This identification of the thermo-physical characteristics is made possible by the development of technical applications of fluxmetric measurement, which allow the definition of simple modalities of plan thermal status.
The behavior and characterization of asphalt mixtures is one of the present issues emerging from the high degree of variability in the composition of the mixture, from the weather, hydrological and traffic conditions. In order to research the experiment and measurement of the characteristic features of asphalt mixtures, some non-destructive, reliable and precise methods are needed, since these characteristics vary in time and cannot always be described rigorously by simple relations.
The mechanic behavior of asphalt mixtures depends largely on the temperature. This is why their behavior extends with the increase of the temperature and contracts with the decrease of the temperature, the results being interpreted as thermal cracking. At high temperatures, the asphalt mixture is relatively soft and sensitive to rutting (permanent strain), in accordance to repeated traffic loadings, while at low temperatures it is relatively fragile and sensitive to thermal cracking. These ample research reasons determined the realization of measurements to predict the temperature of the pavement in situ, this being the basis of different models and applications concerning the anticipation of the variation in time of the temperature in the asphalt mixture.
The thermal characteristics of materials have a significant impact on the distribution of temperature and its variation in a body. These characteristics are required as input for the modeling of the relation time -temperature in any solid body, such as the asphalt mixture.
The thermo-physical characteristics of asphalt mixtures, such as the thermal conductivity, the specific heat, the diffusibility and the heat capacity, have been researched during a training period I had in France, with the help of fluxmetric measurements.
EXPERIMENTAL PROGRAM
In the laboratory, the cylindrical samples are usually the most used for different tests to determine the physic-mechanical characteristics. This paper presents the
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Marc Paul, Costescu Ciprian Research concerning the distribution of temperature in asphalt mixtures with the help of thermo-physical characteristics for laboratory tests study concerning the distribution and the validation of the model temperature on a standard cylindrical sample. After compaction with the gyratory compactor, the sample was prepared for placing the temperature thermocouples. They were placed on the upper side of the cylinder surface, on the side surface and on the inside in 10 mm, 25 mm, 40 mm and 50 mm deep slots on the side faces. An important characteristic of this type of asphalt concrete is that the bitumen content is 4,9 %, the voids are 5,8 % and the density is 2440 kg/m 3 . In order to have the testing temperature under control, the sample was introduced in a environmental measuring chamber. The temperature in the inside of the testing chamber was controlled by connecting it to a thermostat bath of the heat exchanger placed in an adjacent plan to the testing chamber. The difference of the air temperature between the testing chamber and the plan resulted with variations of ± 0,001°C.
The main goal of the experiment is to monitor the temperature changes in time in different points of the asphalt concrete sample, before being subjected to physical-mechanical tests. In order to reach this goal, the cylindrical sample was conditioned to a specific temperature of 3.5 °C for 10 hours, in order to ensure the uniform distribution of temperature in a balance condition of 36 °C. In order to minimize the loss of temperature during displacement, the sample was wrapped in a cloth which had been kept at the same temperature as the sample. Once the sample introduced in the testing chamber and the thermocouples connected, the gathering of data began.
GENERATION EQUATIONS
The transfer process in a solid is described by the energy transitory equation [1] . In the Cartesian tridimensional system the equation is written as follows: -temperature; , , -thermal conductivity; , , -directions of the respective coordinates; -density of the sample; -specific heat; -internal energy generated on the volume unit; -time. For the tridimensional cylindrical coordinate system, the equation results as follows: -thermal conductivity, , , -spatial coordinates on respective directions.
In order to determine as correctly as possible the temperature variations on the cylindrical sample, its position is considered in the testing chamber at the intersection between an infinite plan with known widths and an infinite cylinder with known radius, according to figure 1. Sometimes, to reduce friction on the contact surface between the plan wall and the sample, a Teflon disk can be used at the bottom during the measurement. Depending on the thickness and the physical-thermal characteristics, the sample could become insulating at the bottom and in this case it could be considered as the intersection of half plan wall with an infinite cylinder. In the case when the thermal conductivity is supposed to be uniform and since there is no heat generation inside the asphalt concrete sample, the differential equation (1) for an infinitely plan wall can be simplified as follows: (3) and (4) can be written as follows:
In the case of this experiment, the conduction heat was considered as invariable due to the invariable temperature in the testing chamber, therefore the solutions to the equations (5) and (6) can be approximated by using the method of variable separation, the following relations result for the cylinder [5] , [6] :
where: 0  ş 1  are the first two terms of the Bessel function. The normalized temperature , , for the cylinder of , coordinates and the time , can be expressed in this experiment as a multiplication of results for an infinitely plan wall and cylinder, as follows:
If 0 > 0,2, the equation (7) can be expressed in a single term = 1 , which results from precision in 2% proportion [2] .
Depending on the values taken by the parameters and [7] , the equation (8) can be solved by using the Newton-Raphson method.
The thermo-physical characteristics for the asphalt concrete were directly measured during another experiment realized in France.
RESULTS AND DISCUSSION
The measured values presented in figure 2 show that in the asphalt concrete sample the temperature increases suddenly in different points, even from the beginning of the measurement process, then it continues with a slow increase; it results in an extended period of time in reaching a condition of temperature balance. The temperature at the upper surface increases the most rapidly; as a point of interest it is worth mentioning that the temperature gradient stays constant as it gets closer to the center of the sample.
In the end, in order to have an adequate time, all the points in the model need to show an increase to the balance temperature, being at the same level with the environmental temperature. The anticipations presented in figure 3 are based on the thermal characteristics determined for the respective dosage of asphalt concrete. Once the initial and final temperatures have been settled, the temperature in any moment depends on three parameters: thermal conductivity , specific heat and convection heat . In order to emphasize the impact of the thermo-physical characteristics on the distribution of temperature in the mass of asphalt concrete, the thermal conductivity was considered variable from 1.0 / * … 2,88 / * , based on the realized measurements. As seen in figure 4 , the magnitude of the thermal conductivity has a significant effect on the distribution of temperature in the asphalt concrete. For higher values of the thermal conductivity, the temperature ratio increases the most rapidly, which is normally expected, resulting a more rapid approach of the balance temperature. 
CONCLUSIONS
The variation of temperature depending on the time was measured in different points on the sample of asphalt concrete in order to allow the implementation of a simulation model for the relation temperature -time with the help of the thermo-physical characteristics; this can be developed based on the logical chart presented in figure 5 with the help of a calculation program.
It was found that the analyses model could predict in a reliable way the variation of temperature and of distribution. In the same time, depending on the geometrical model of the samples, the sizes and thermo-physical characteristics have a significant influence on the relation time -temperature. This paper presents the experiment for the case in which the temperature increases, the approach being applicable for a similar manner for very high or very low temperatures.
The further validation of the technique proposed for determining the model temperature needs asphalt concrete dosages with different particle sizes, and different bitumen contents respectively, since all these thermo-physical characteristics have an important impact on the transfer heat. 
